The reactions of oxophilic metal phenolates having electron-donating substituents (1a-c) with aromatic aldehydes (2, 3) were selectively condensed at the ortho-position of the starting phenol to afford 2,2-dihydroxytriphenylmethanes (8-11). This method was also applicable to the preparation of bisphenols (12-17) starting with naphthaldehydes (4, 5) and pyridinecarboxaldehydes (6, 7), but in low yields. In the case of these aldehydes (4-7), satisfactory yields could be obtained by sonication.
Triphenylmethane-type phenol derivatives have been known to exhibit antioxidant properties. 1, 2) Recently, interesting biological aspects of triphenylmethane-type phenols regarding antitumor activity 3) and inhibition activity for histidine protein kinases 4) have also been reported. The acid-catalyzed condensation reaction of phenols with aldehydes has been used in the synthesis of such bisphenols and has shown them to be nonregiospecific. 5) Casnati et al. have reported that aryloxymagnesium bromide reacts with aromatic aldehydes to afford 2,2Ј-dihydroxytriphenylmethanes by means of a C-ortho-regiospecific attack of an aromatic aldehyde at an ambident phenoxide ion. 6, 7) Furthermore, oxophilic metal phenolates 8) or naphtholates 9) are shown to undergo selective C-ortho-condensation with aromatic aldehydes, such as phthalaldehydes, to produce bisarylation products.
In this paper, we wish to report the conventional synthesis of triphenylmethane-type phenols using oxophilic metal phenolates.
Results and Discussion
To begin with, we examined the reactions of substituted bromomagnesium phenolates with various aromatic aldehydes, adopting the procedure of Cornia et al. 10) with some minor modifications (see, Method A in Experimental). Thus, the bromomagnesium salt of 3,4-methylenedioxyphenol (1a) was allowed to react with aromatic aldehydes (2, 3), giving C-ortho-bisarylation products, 2,2Ј-dihydroxytriphenylmethanes (8, 9) in excellent yields (82 and 70%, respectively) (see, entries 1 and 2 in Table 1 ). The application of 3,5-dimethoxyphenol (1b) in this method (see, entries 3 and 4) also gave C-ortho-bisarylation products (10, 11) in satisfactory yields (92 and 81%, respectively). In these reactions with 1a, we detected a small amount of diarylmethane (18) in addition to the formation of these triarylmethanes.
11) The origin of a methylene group in the diarylmethane (18) is obviously related to the aldehyde functionality of the starting material. The formation of diarylmethanes in the course of thermal degradation of triarylated products is observed on mass spectroscopy. Thus, compounds (8, 9) gave diagnostically important fragment ion peaks corresponding to the dearylated structure 18.
To apply this arylation procedure (Method A), we further investigated the reactions of naphthaldehydes (4, 5) and pyridinecarboxaldehydes (6, 7). The reactions with phenolates of 1a and 1b afforded the expected new 2,2Ј-dihydroxytriarylmethanes (12, 13, 15, 16, 17) and resulted in fairly good yields by the use of sonication 12) (entries 5-9 in Table  1 ).
The reaction of 4-methoxyphenolate (1c) with 2-naphthaldehyde (5) in dichloromethane did not afford the desired product; however, the use of sonication or the replacement of the solvent by benzene gave the desired bisarylation product (14), together with a trace amount of 2,2Ј-ethylidenebisphenol derivative (19) and 2-naphthalenemethanol 13) (see, entries 10 and 11 in Table 1 ).
The reaction of bromomagnesium phenolate (1d) being the most electron-deficient of the phenols (1a-d) with aldehydes (2 or 3) didn't give the desired condensation products. The tendency for electron-rich bromomagnesium phenolates to enhance the reactivity of the system and of the electrondonating subustituents on aromatic aldehydes to decrease the reactivity of these reactions has been reported. 6) It is noteworthy that the aldehyde (3) having a typical electron-donating substituent (-OMe) reacted with phenolates (1a, 1b) to give the corresponding title compounds (9, 11) in a C-orthoregiospecific manner.
The lack of reactivity of bromomagnesium phenolate (1d) with aldehyde 2 or 3 prompted us to use Lewis acid as a catalyst. The effect of Lewis acid has already been mentioned in the bisarylation of aldehydes using titanium naphtholates. 9) Attempts to adopt this procedure (Method B in Experimental) into the bisarylation reaction of 2 or 3 using 1d were unsuccessful.
14)
Furthermore, we tried to examine the reaction of the least reactive phenol 1d with 3 in the presence of boron trifluoride etherate (BF 3 · OEt 2 ) as an alternative conventional Lewis acid (Method C). Although the reaction of 1a with 3 resulted in the formation of bisarylation product 9 in almost quantitative yield (entry 13), the reaction of 1d with 3 by this method gave bisphenol 21 (37%) in addition to monophenol 22 (16%). Thus, this reaction was found to proceed in a C-pararegiospecific manner. 1, 15) In summary, the bisarylation of aromatic aldehyde having electron-donating substituents (such as an alkyl or alkoxy group) by phenolates described above is suitable for electronrich phenols and provides a convenient regiospecific route to 2,2Ј-dihydroxytriarylmethanes.
16)

Experimental
Melting points were determined by a micro melting point apparatus (Yanagimoto MP-S3) without correction. IR spectra were measured with a Shimadzu FTIR-8100 IR sprectrophotometer. The absorption bands attributable to OH, CH, aromatic CϭC, and C-O bonds were observed at 3200-3500, 2835-2990, 1505-1635, and 1150-1250 cm
Ϫ1
, respectively. Lowand high-resolution mass spectra (MS and HR-MS) were taken with a JEOL JMS HX-110 double-focusing model equipped with a FAB ion source interfaced with a JEOL JMA-DA 7000 data system. A methanol or ethyl acetate solution of the sample was mixed with m-nitrobenzylalcohol and subjected to FAB mass spectrometry.
1 H-(500 MHz) and 13 C-(125 MHz) NMR spectra were obtained on a JEOL JNM A-500. Chemical shifts were expressed in d ppm downfield from an internal tetramethylsilane (TMS) signal (0 ppm) for 1 H-NMR and the carbon signal of the corresponding solvent (CDCl 3 (77.0 ppm), DMSO-d 6 (39.5 ppm) and CD 3 OD (49.0 ppm)) for 13 C-NMR, respectively. The signal assignments were confirmed with the aid of two-dimensional NMR spectral techniques ( tor. Sonicated reactions were carried out with a Branson Model B-8200 ultrasonic cleaner (43 KHz). Commercially available starting materials were used without further purification. The following abbreviations were used for 1-naphthyl (1-Nap-), 2-naphthyl (2-Nap-), 3-pyridyl (3-Py-), and 4-pyridyl (4-Py-).
Synthesis of 2,2-Dihydroxytriarylmethanes (8-17) (Method A)
Under a nitrogen stream, a solution of the selected phenol (1) (20 mmol) in Et 2 O (50 ml) was added dropwise to a solution of 3 M EtMgBr (6.7 ml, 20 mmol) in Et 2 O (40 ml) with stirring at room temperature, and the mixture was kept for 20 min, then Et 2 O was removed under a vacuum. After the addition of CH 2 Cl 2 (300 ml) to the residue, a solution of the selected aldehyde (2-7) (5 mmol) in CH 2 Cl 2 (100 ml) was added with stirring. The resulting mixture was refluxed with or without sonication (see Table 1 ). The reaction was quenched with saturated aqueous NH 4 Cl (100 ml), and the mixture was extracted with EtOAc (3ϫ100 ml). The combined extracts were dried (MgSO 4 ) and concentrated under reduced pressure. The desired compounds (8) (9) (10) (11) (12) (13) (14) and byproducts (18-20) were purified by flash chromatography (n-hexaneEtOAc as solvent) of the residue. In the case of 15-17, the residue was purified by recrystallization from methanol. The structures of the products were determined by elemental analysis and spectroscopic methods. The yields and pyhsical data are summarized in Tables 1-3 .
Synthesis of 2,2-Dihydroxy-4؆-methoxy-4,5: 4,5-dimethylenedioxytriphenylmethane (9) (Method B) A solution of 3,4-methylenedioxyphenol (1a) (343 mg, 2.48 mmol) in CH 2 Cl 2 (25 ml) was added to a suspension of TiCl 4 (260 mg, 1.37 mmol), Ti(O i Pr) 4 (390 mg, 1.37 mmol) and 4 Å molecular sieves (330 mg) in CH 2 Cl 2 (25 ml) at 0°C under nitrogen. A solution of 4-methoxybenzaldehyde (3) (150 mg, 1.10 mmol) in CH 2 Cl 2 (25 ml) was added to the above mixture at 0°C, then the resulting mixture was allowed to stand at ambient temperature, and stirring was continued for 16 h. The reaction mixture was quenched with saturated aqueous NH 4 Cl (7 ml) and portioned between CH 2 Cl 2 (200 ml) and water (100 ml). The aqueous layer was extracted with CH 2 Cl 2 (2ϫ200 ml), the combined layer was dried (MgSO 4 ) and the solvent was removed under reduced pressure. The residue was purified by flash chromatography (n-hexane-EtOAc as solvent) to yield 9 as a pale yellow solid.
(Method C) A solution of 3,4-methylenedioxyphenol (1a) (2.76 g, 20 mmol) and 4-methoxybenzaldehyde (3) (0.68 g, 5.0 mmol) in absolute benzene (10 ml) was degassed for 20 min, then BF 3 · OEt 2 (0.185 g, 1.5 mmol) was injected. The reaction mixture was stirred for 1 h at room temperature, then diluted with CH 2 Cl 2 (50 ml) and immediately washed with 0.1 N aqueous NaOH (50 ml). The organic layer was washed with water and dried (MgSO 4 ). After evaporation of the solvent under reduced pressure, flash chromatography (n-hexane-EtOAc as solvent) afforded the desired product 9.
By this method, the reaction of phenol (1d) and 4-methoxybenzaldehyde (3) gave 4Љ-methoxy-4,4Ј-dihydroxytriphenylmethane (21) and 4Љ-hydroxy-4,4Ј-dimethoxytriphenylmethane (22) in 37% and 16% yields, respectively. The isolated products (21 and 22) were attributable to condensation at the para-position of phenol (1d). It is vague in this reaction whether the two methoxy substituents in product 22 occurred by the reaction of 2 moles of aldehyde (3) with 1 mole of phenol (1d) or during the subsequent methylation of 21. 
